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THE DEVELOPMENT OF A 3 TESLA - 10 Hz PULSED MAGNET-MODULATOR SYSTEM

George J. Krausse and X. B, Butterfield
Los Alamng National Lehoratory
Los Alamos, NM B7545

Avstract

In order to support the experimental work aone at
the Los Alamoa Meson Physics Facility new
instrumentation and data collection psystems of
sdvanced design are developed on a regular basis.

Within the {nstrumentat {on system for an
experimeat at LAMPF, "The Photo-~Excitation of the H~
Ion Resonances," There exists a need for a pulsed
air-core electromagnet and modulator syster. The
magnet must be capable of produclnf a field strength
of 0 to 3T in a volume of 3.5 em ., In additton {1t
wust be radiation resistsnt, have a uniform field,
ope-ate {n a high vacuum with little or no outgassing,
and the physical layout of the magnet nmust provide
minimal azrmuthal obstruction to both the fon and laser
beans.

The modulator nmust be capable of producing up to
a 15KA pulse with duration of two us at a saximum
vepetition rate of 10 Hz. M™odulator layout must be of
a low inductauce aesign to imprnve overall system
efficiency. Both magnet and modulator auat be
extremely reliablc su that dsra collection time is not
lost during the experiment. This pasper describes in
detall the development of the system.

Introduction

The design criteria for the pulsed magnet avstem
have, in large part, been determined b, the paysics of
the experinment and the optics of both the {on and
laser beams used in the experiment. These factors
have required the following epecificetione for the
magnet and the modulator.

The magnet must have a maximuym field strength of
3T ¢ 104 over the volume (3.5¢m’') ot interest, see
Fig. 1. In addition it muat have good high vacuum
prooerties and little or no outgarsing st full power.
While premerving the integrity of the hi-vacuum systen
the physical device must be able to move vertically
~10-12 ¢m 8o it may be extracted from the heam line,
The device miat rotate 60" so that © (see Fig. 1) may
be varied thru {te full renge. This implier that the
magnet must provide minimal azumuthal nbdstruction to
both the ion an laser heaas.

Magnet Design

An aextenalve survey of magnet peonctries and
related construction difficultias vas weighed apge!nst
the design paranetars given. This exercise led ue to
the Helmholte configuration shown in Fig. 1, The pgap
(G) was et at Bam, allowing anmple cluearance for hoth
fon and laser bsams. If une places the curgent feed
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Figure 1. Magnet goometry.

in the shadow of the current return (Fig, 2), 6 can he
varied thru two 160° sections. By rotatinr the the
asnenbly 90°. the remaining 40" can he acc.ssed. At
this point two computer prosrams were used to optinmize
R,W,h  and the number of turns for 1T to 3T
configucratiqnes. Figure 3 ghows a cross section of the
windings and the dimensions for a 1.0T configuration.
The wvinding materials for the first prototvpe are
shown in Fig. 4. The {nsularion (s reconstructed
mica, twno layers 0.040umm thick. The conductor (s a
Smm wvide, 0.127mm thick, strip of copper. Two strips
of reconstructed mica shouldsr the copper, each three
lavers thick. The cofl was wound on an alumina form
and an alumina barrel was slipped over the asserbly to
hold the windings in ;.ace (see Fig. 2). This version

of the magnet was found to be uniteliable due to
breskdown of the mica, leading to arcing betwaen
turns.

An inproved design, Fig. 5, using
Kapton-encapsulatud copper windings potted in

thermally conducting eporv was found to be adequate
for 1.9T flelds. Thin magnet wvas then tested with a
small SCR Pulser. A field map and a calibration
fuctor were generatad. From the fleld map, Fig. 6, we
ses the effect of 1/4 entra turn on one coll, This
skeved fleld hss since heen correctud. The
calibration factor for thias configuration {a 0.98 G/A.



Prototype magnet.

|
by

Figure 2.

oo|«-12

oo+

1

-~z

Figure 1. Cross section view of magnet layout,

The inductance of the coll_fllr is 42NnH and the DC
coll resistance in 4.6 = )0 a,

The Modulator

Figure 7 {a & circuit diagrem of the modulator,
In essence the aystem is & slaple RLC circut with 2
set such that 13KA pesk current could be lchlovaa
vithin the anode limite of the switch (HY-3), This
put Z, *.332 N because the magnet inductence
(L1,L2) = 420nll. This put the capacitor (e)=cqy value
st ~1.ABuf). Figure 8 showas a cutavay viqw of the
nmodulator. This configuration was ueed so that loop
inductance could be minfmizad by removing the magnet
and replacing tt with & direct short snd then fitting
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Figure 4.

Prototype magnet winding materials.
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Figure 5. Croes
vinding materfal.

new majnet and

the current pulse %o a theorsticel curve. The Juccess
of the design wav shown by the measured tots! loop
inductance of 64nH, Rl-le are 4.% 01 aach for a
parallel coabination f .76 0 which provides o
sonevhat less then critical daaped pulise. The
thyratron and the load resistors are water coolad so
that the modulator can easily run at the 10kW sverage
pover level. The 0.001 0 Current Viewing Resistor
(CVR) 1 used to monitor pesak current and thercfore
the etrength of the B {(ield. Power to the magnet is
supplicd by coaxial line hi-vacuun feed-through. The
wodilator was then fitteyd with the magnet and the
rystem wap tcated in high vacuum,
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Figure 7. Modulator circuit diagraa.

Testing

Figure 9 shows the test setup for the magnet end
the sodulstor. Migh voltage, NV supply current, pulse
current and the B field were monitored.

Tarly on, wesk linkes in the system appesred and
in all ceses they weres related to either coil desipgn
or implementstion. The modulator has run in an almost
flaviess manner fros the time power was first nppnod,
At  this point the modulator has adout 3.6 = 10
pulses, has reguired virtually no maintenance, and has
caused no down tiwe. Figure 10 shows a* typical
turrent pulse. The 10X tn 90X rise tiwe s 30UnS and
the PWHM {s 1.6,8.

Cross section view of the mcdulator.
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Figure 9. Test setup for magnet snd modulator.

The magnet has been a prodlen that still limits
the over all system performance. The problems have
been manifold and difficult to solve. The attractive
force batween the two coils has caused the copper
windings to cut the 4nsulstion. IR heating end
insdequate cooling have caused magnets to run red hot.
Local ercing, caused by large L{d1/dt) terms, har
caused cofls to sxplode.

At this point the problem has been reduced to one
of materfales research, The {insulation used in the
sagnet vindings muct have high dielectric otrength and
yet be thermally conductive. Figure 3 shows a photo
of the new wagnet asseably. The coil winding 1s 0.%m



»per strip 0.127sm thick bonded between two 0.127mm
lck kapton etrips. The winding {s potted in vacuum
a thermally conductive epoxy. Figure 5 also shows
:ross wsection of a winding. This construction has
.owed us to run at peak power of ~800J to 1KJ per
a¢, but at these power levels we can only run at a
se frequency of ~5HZ, due chiefly to the lack of
‘1ling.

Caaclusaisn

Ult{mately B fields of >3T and repetition rates
HZ will be required. Therefore new cooling system:
h greater heat capacities and improved thermal
hs sre beirg considered. New coil designs based on
ti-layer hybrid technology are being developed. In
[tion new thyratrons with higher anode voltage
lts and higher cathode currents than the HY-5 are
'r consideration.
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Figure 10. Current pulse,



